The combination of bilirubinuria, conjugated hyperbilirubinaemia and delta bilirubinaemia is generally held to be indicative of hepatic or biliary disease.l-' It may not be widely appreciated that this pattern of abnormalities is also compatible with severe, acute haernolysis, We report a patient who developed these features during a haemolytic transfusion reaction.
CASE HISTORY
A 73-year-old woman became jaundiced after receiving 8 units of red cells during cardiac surgery. Her past medical history included a blood transfusion during a hysterectomy 30 years previously but no reports of liver disease or cholecystitis. Her only medications were aspirin and isosorbide dinitrate. Preoperatively her haemoglobin concentration was 11·6 g/d (reference range, 1l'5-16'5), total serum bilirubin \3Jlmol/L (reference range, 2-17), conjugated bilirubin 3 Jlmol/L (normal, < 9), aspartate transaminase (AST) 19 U/L (reference range, 0--31) and alkaline phosphatase 134 U/L (reference range, 100--280); the red-cell antibody screen was negative.
Jaundice was first noted on the fifth postoperative day, when the haemoglobin concentration was 11·1 g/dL, total bilirubin 192 Jlmol/ L (conjugated fraction 92 Jlmol/L), AST 33 U/L and alkaline phosphatase \31 U/L. Her urine tested positive for bilirubin (+ + +) and urobilinogen (+ + +). Ultrasonography of the heart, liver and biliary system was normal.
On day 9 the haemoglobin had fallen to 6·2 g/ dL and the serum bilirubin was 530 Jlmol/L ( tent with a delayed haemolytic transfusion reaction due to anti-Jkv' The patient recovered uneventfully.
Serum samples that had been stored in the dark at -30 DC were analysed in a Kodak Ektachem analyser. Conjugated bilirubin and delta bilirubin accounted for a substantial portion of the bilirubin measured ( Fig. 1) , the conjugated fraction being the predominant bilirubin present when the jaundice was at its peak, and delta bilirubin accounting for most of the bilirubin measured during recovery. The serum levels of AST, alkaline phosphatase and albumin remained normal throughout.
DISCUSSION
Conjugated hyperbilirubinaemia was reported as a complication of blood transfusion by Cachin over 40 years ago." He implicated destruction of the donor red cells but was unable to explain why the generation of unconjugated bilirubin should increase the amount of conjugated bilirubin in the blood. Subsequently, in 1962, 41 patients were described who developed bilirubinuria and conjugated hyperbilirubinaemia after receiving blood transfusions during major surgery.' It was suggested these patients had sustained some form of hepatic injury from the surgery or anaesthesia that prevented the excretion of conjugated bilirubin. However, this theory was discounted by subsequent studies showing that blood concentration of conjugated bilirubin increased in healthy human volunteers after the administration of an unconjugated bilirubin load." The most plausible hypothesis, therefore, is that the normal liver is able to conjugate the large amounts of bilirubin liberated during haernolysis, but is unable to excrete the conjugated product sufficiently rapidly to prevent its diversion in part to the systemic circulation."
Delta bilirubin, identified in 1981,7·8 is an albumin-bound bilirubin subfraction which is thought to be synthesized nonenzymatically in vivo from albumin and conjugated bilirubin.' Elevated serum concentrations have been reported in a wide range of hepatic and biliary disorders.l-' Previous studies suggested delta bilirubin does not accumulate in patients with haemolysis, but these studies included only patients who had mild haemolysis with unconjugated hyperbilirubinaernia.' The long halflife of delta bilirubin explains its predominance as jaundice resolves (Fig. 1) .
In summary, the combination of bilirubinuria, conjugated hyperbilirubinaemia and delta bilirubinaemia is compatible with acute haemolysis. An awareness of this fact will prevent erroneous 
